clinical application of robot-assisted laparoscopic donor nephrectomy (RND). 4 The advantage of robotic assistance lies in the combination of robotics and computer imaging technology, enabling the best ergonomic environment and coordinated 3D visual effects to help the surgeon perform a variety of complex and detailed operations.
With the improvement in technology, many subsequent studies on robot-assisted laparoscopic nephrectomy have been performed.
Even though there are reports on the comparative study of robotic and laparoscopic clinical applications in living donor kidney nephrectomy, most of the research results are controversial, and it is still unclear which technology is beneficial to living kidney transplantation.
Does RDN provide adequate safety and benefits for the living donor?
Therefore, we searched and analyzed all eligible literature from electronic databases on robot-assisted laparoscopic studies and laparoscopic studies to assess their effectiveness, safety, and potential value.
| MATERIAL AND ME THODS

| Literature search strategy
A PubMed, Cochrane Library, and Web of Science database search was done on all studies between 1999 and 2018 that compared RDN with LDN in patients with donor nephrectomy. The following MeSH terms were searched in the Title/Abstract: "Robot," "laparoendoscopic/laparoscopic," "donor nephrectomy," and "renal or kidney transplantation." The related-articles function was used to broaden the search, all conference abstracts, and retrieved studies. The latest date that this search was performed was April 15, 2018.
| Study inclusion criteria
The inclusion criteria for all studies were (a) a comparison of RDN vs LDN, (b) at least one of the following outcomes must have been reported in the included study: operative time, warm ischemia time (WIT), estimated blood loss(EBL), length of hospital stay, postoperative pain, and incidence of intraoperative complications, and (c) the study design was a randomized controlled trial (RCT) or retrospective comparative study (including cohort or case-control studies)
that compared LDN with RDN in all age groups.
| Data extraction
Two independent reviewers (Haifeng Wang, Rao Chen) extracted the relevant data from included studies. Any disagreement was resolved by the adjudicating senior author (Longkai Peng).
The primary outcomes were length of hospital stay, operative time The secondary outcomes were donor postoperative serum creatinine (SCr) levels, conversion rate, and recipient graft parameters.
| Quality assessment
The quality of the literature was assessed separately by Haifeng Wang and Tengfang Li. The quality of the RCTs was assessed by the Cochrane risk of bias tool, which consists of random sequence generation, allocation concealment, blinding of outcome assessment, incomplete outcome data, selective reporting, and other sources of bias. 5 The quality of all observational studies was assessed with the use of the Newcastle-Ottawa Scale (NOS). 6 The NOS is used to examine three factors: patient selection, comparability of the study groups, and assessment of outcomes. A score of 0-9 (allocated as stars) was allocated to each study. RCTs and observational studies achieving five or more stars were considered to be of high quality, three to four stars were moderate quality, and two or fewer stars indicated low quality. The quality items to be evaluated were double-blinded design, complete outcome data, allocation concealment, and completeness of follow-up.
| Statistical analysis
Relevant parameters explored using Review Manager V5. For dichotomous data (donor postoperative complications, conversion rate), odds ratios (ORs) were used with 95% CI. Heterogeneity among studies was measured by I-square and Cochran's Q test (MantelHaenszel chi-squared test). In case of significant heterogeneity (ChiSquare P-value ≥ 0.1), a fixed-effect model was selected. Otherwise, we employed a random-effects model.
| RE SULTS
According to the search strategy predefined previously, 298 publications were identified ( Figure 1 ), of which seven studies were selected for inclusion in our meta-analysis. Fifty-eight publications were excluded due to duplication, and another 201 were excluded after title and abstract review, which included irrelevant research studies, reviews, and case reports. Thirty-nine publications were full-text articles, and 31 were either noncomparative or not relevant.
Agreement between the two reviewers was 96% for study selection and 93% for quality assessment.
| Characteristics of eligible studies
The characteristics, design type, matching, and quality score for each study are shown in Table 1 . Among the included studies, there were two small sampled RCTs and five retrospective studies. Analysis was performed on 264 patients in the LDN group and 250 in the RDN group.
| Methodological quality of included studies
The quality of studies was generally low. True randomization was used in only two RCTs. None of the retrospective studies adopted an appropriate protocol for treatment assignment, with allocation usually being at the discretion of the physician. The risk of bias in two RCTs was moderate according to the Cochrane risk of bias assessment tool.
Only one study by Bhattu et al 
| Primary outcomes
| Operative time in minutes
Operative time was reported in seven studies 7-13 of 514 donors.
Pooled studies were heterogeneous (P = 0.02). With the random effects model, meta-analysis of these studies showed that the LDN group had significantly shorter operative time than the RDN group (WMD: −0.53; 95% CI: [−0.85, 0.20]; P < 0.001. Figure 2A . Matching: 1 = age; 2 = gender; 3 = body mass index; 4 = previous abdominal surgery history; 5 = anatomic complexity (more than one artery, vein, and/ or ureter).
| Length of hospital stay in hours
There was a marked heterogeneity among the seven studies [7] [8] [9] [10] [11] [12] [13] that provided data on the duration of hospital stay (P < 0.0001). Figure 2B .
| Warm ischemia time in seconds
Warm ischemia time (WIT) was measured by five studies 7, 9, 10, 12, 13 and their data were homogeneous (P = 0.23). Therefore, the fixed effects model was adopted. Figure 2C ). Figure 2D ). Pooled studies were homogenous (P = 0.44).
| Estimated blood loss (mL)
| Donor postoperative VAS score
Two studies 7,13 including 84 patients evaluated postoperative pain using the visual analog scale (VAS). The pooled data showed significantly lower VAS scores in the RDN group than the LDN group (WMD: 1.28; 95% CI: [0.77, 1.79]; P < 0.00001) ( Figure 2E ). 
F I G U R E 2 Forest plot and meta-analysis following robot-assisted laparoscopic vs laparoscopic donor nephrectomy in terms of
| Postoperative eGFR of recipient grafts (mL/ min)
Recipient postoperative estimated glomerular filtration rate (eGFR) levels at different time points were reported in two studies. 
| Conversion rate
Two studies 9,10 including 190 patients reported conversion events.
The conversion rate was not significantly different between the two groups. Reasons for conversions were bleeding, difficult dissection, failure to progress, and difficult access. Table 2 .
| Sensitivity analysis and publication bias
According to the Cochrane Collaboration Network System
Evaluator's Handbook, 5 meta-analysis requires 10 or more studies for funnel plots. This study included relatively few publications, so no corresponding funnel plot was made.
| D ISCUSS I ON
This meta-analysis of two RCTs and five retrospective studies including 514 patients comparing the efficacy of LDN and RDN showed that LDN was associated with significantly reduced operative time,
lower estimated blood loss and shorter warm ischemia time in the
donor, but there were no significant differences in hospital stay or donor complications.
To increase voluntary living kidney donation, there is always a need to improve nephrectomy technique, reducing pain and morbidity from incisions and ensuring donor safety. LDN is considered a preferred method for removing the donor kidney as it has the added advantage of direct tactile feedback and the possibility of manual dissection. However, currently, the surgeons' preference is what is driving the use of the RDN.
As found in our study, RDN is a safe technique. Especially with better instruments and more learning experience, RDN has been gaining ground in reducing operation-related pain and morbidity at a minimum. Robot-assisted surgery has been gradually applied for live donor nephrectomy approximately 2010, and the learning curve was shorter than that of traditional laparoscopy. 14, 15 Similar to the traditional laparoscopic technique, the transabdominal approach is mainstream in the West, and the retroperitoneal approach is mainstream in China.
The data from our analysis showed that RND was associated with significantly longer operative time compared to LDN. The longer time could be the result of our cautious, slower approach with RDN, which was due to our initial unfamiliarity with the procedure.
Longer warm ischemia time and extraction time could also be at- The present meta-analysis has the following limitations. First, most of the studies included were observational. They were carried out in a clinical center with varying protocols and probably different levels of surgical expertise. Second, the studies included in the analysis were mostly done at transplant centers and major institutions, and therefore, the patients included might not reflect patient populations in the community. Third, the amount of literature that we are incorporating may be the reason for the discrepancy.
In conclusion, LDN is a standard living donor nephrectomy, but as long as RDN is practiced proficiently, it is believed that the operation time, warm ischemia time and blood loss control are similar to that of LDN. The cost 17 of the equipment, disposables, and repair contracts for Robot is high which is an especially important issue in countries and regions with limited financial healthcare resources.
Once the cost of RDN is controlled in the future, it is believed that RDN will be a feasible alternative to LDN.
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